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DM search results

://dmtools.brown.edu
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threshold, typically” a few
keV. This limitation comes
in- part from the readout
noise.
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Focal detectors for DECam (thé DES imager)

Science goal requires DES to reach redhift z~1 DECam wafer
we want to spend ~50% of time in the filter (825-1100nm)

Astronomical CCDs are usually thinned to 30-40 microns (depletion) which
makes them transparent to near IR.

LBNL full depletion CCD are the choice for DECam:

—250 microns thick
—high resistivity silicon
—QE> 50% at 1000 nm
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New. opportunities with these CCDs

S
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Two features:

noise (e)

wn

CCDs are readout serially (2 outputs for 8
million pixels).When readout slow, these
detectors have a noise below 2e- (RMS).This
means an

,| gram per
CCD.Which means‘you could easily build ~10
g detector. DECam would be a 70 g detector.

20 30 40 50 60 70
pixel time (usec)

Interesting for a loy-threshold DM search.

¢ 7.2 eV.noise’ & low threshod (~0.036 keVee)
* 250 pm thick => reasonable mass (a few gram detector)
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- clear difference-between and
diffusion limited hits.

huclear recoils Wwill produce diffusion limited hits
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Our first test was not build > 107
with low background materials
(just with FNAL surplus) +
some lead.

Big improvements over runs at
SiDet, but x1000 larger
background than others.
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Right now our rate goes up at 0.06 keVee. For nuclear recoils this translates into (x0.14) ~0.5 keV.
We believe that we can still push the threshold a bit lower with the same readout system

(reduction 30%), and we are investigating a much lower threshold setting with a new readout
system (DCR).
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cross section (cm?)

DAMIC 10* cpd

sim: 2009 (10* cpd)

sim:10 cpd
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CRESST 2001 spin indep., 1.51 kg-days, 2629 sapphire
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Vacuum now we are designing a low
Interface

Board background dewar, hopefully to be
built and tested during 2010

Al-63 Cryocooler

Vacuum

Cold Finger

6 Inch Lead cast
in copper container

8 Pack CCD picture frames (-160C)
we will have to design a low
background package and cable

/

Vessel
OFHC Cu
9” OD Cu shield
30” length
Lead shield
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Low noise R&D : Collaboration with C. Cancelo from CD
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\/\/\/\/\N\N\/\ well filtered by integration in CDS
not filtered by the CDS

/_\/\/\ could be filtered by looking at
many pixels

CDS: the amount of charge on each pixel is given by the difference between signal and pedestal
levels inside an integration window. High frequencies as suppressed by the integration
window, low frequencies are suppressed by the double sampling. working on
digital filtering of the intermediate frequencies by looking at the signal over many pixels...
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low threshold competition
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possible applications outside DM

I here right now
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neutrino coherent scattering spectrum at 28m of a
3GW reactor (Texono Collaboration). This is a possible
application of the low background low noise detector
like what we are trying to build.

some astronomical observations have no background,
and reducing the noise is equivalent to multiplying your
telescope collecting area
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Conclusions

® R&D program for a low threshold direct dark matter search

with CCDs. This search is well motivated by recent results and
theoretical models.

* Need to develop a low noise and low threshold experiment
with CCDs.We have large experience with these detectors and
CPA has large experience with low background experiments.

* The technology developed in this effort could have applications
outside dark matter searches: neutrino physics (coherent
scattering) and low noise CCD readout (high resolution
spectroscopy).
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low noise readoutfor >’Fe X-rays

energy resolution:
RMS = 64 eV

fano factor:

F = (18%:22)/1620.
e [—0. | 7

Ml typical for CCDs, in
silicon: 0.10
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Charge diffusion with X-rays

Diffusion on DECam CCD pb—22-27 vs Vsub.
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X-ray >>Fe (5.9 kev)
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runs at Lab-A gave 10° cpd/keV... too high!
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Shield studies:Ge detector at Minos
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Purchased new lead
before the price went
down... and made a shield
at Minos for the Ge
detector.

Test indicated we could
get about 2 orders of
maghitudes.
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Each detector in
our setup sees a
different spectrum.

X rays:

Si (Silicon)

Mn (Manganese)
Co (Cobalt)

As (Arsenic)
Sr (Strotium)
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